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COMMUTATION ARRANGEMENT FOR ADC MACHINE 



(71) We, KABUSHIKI KAISHA 
MEIDENSHA, a Japanese Company of No. 
2—1—17, Ohsaki. Shinagawa-ku, Tokyo, 
Japan, do hereby declare the invention for 
5 whichwepray.tktapatentmybegranted 

to us, and the method by which it is to be 
performed, to be particularly descnbed m 
and by the following statement:— 
The present invention relates to a 

10 commutation arrangement for a DC 
machme and. more particularly, to an 
improvement of a commutator structure, 

X commutator, which is fitted on a rotor 
shaft of a DC machine and connected to a 

1 rotor wmding, is assembled so as to be m 
contact with a brush oppositely disposed 

with respect to the commutator iteelt. 

A commutator has one important 
function which turns a DC machine into an 

on electric motor by feedmg DC power to a 
rotor winding through a brush, and another 
important function which turns a DC 
machine into a generator by taking out DC 
oower generated in the rotor wmdmg on 

25 rotation of a rotor shaft due to an AC power 

"^^e properties of a DC machine strongly 
depend on the commutator and it is 
therefore necessary to choose tne 

V) composition of and manufactunng process 
for the commutator with due consideration 
of the mechanical and electrical properties 
of said commutator. 
It is apparent that as commutation 

35 characteristics are directly infiuenced by 
wear and deformation of the commutator 
bar. it is necessary for this commutator to 
to have considerable mechanical sttengtn 
during operation. Moreover, in order to 

40 improve commutation characteristics, it is 
necessary to suppress a rise in temperature 
of the commutator bar which results from 
heat generated due to contact between said 
commutator bar and a ^®f^ 

45 generated when an electnc current flows m 
saidcommutator bar. 



Therefore, it is desirable that the 
commutator bar is so disposed as to be well 
in contact with air for good dissipation of 
heat A commutator is further required to 50 
be of light weight and to have good 
mechanical strength to be able to withstand 
bending stresses resulting from cenmfugal 
forces during the «jtatipn of 
commutator. A commutator is still further 55 
required to provide with the shape haymg a 
suitable cross-sectional area which can 
accomodate heat therem. 

With the above in view, a conventional 
commutation arrangement for a DC 60 
machine will be described. 

A conventional commutation arrange- 
ment consists of a boss fitted on a rotor 
shaft, a plurality of commutator bars, eacli 
of which is provided with a dovetail portion 65 
at its bottom portion cyHndrically disposed 
on the circumferential face of the boss 
through an insulating material, such as 
mica, and mechanically or electrically 
connected to a brush, and a riser portion for 70 
connecting the commutator bar to the rotor 

windmg. ^ ^ " « ^ 

As aforementioned the temperature of a 
commutator bar wiU unavcndably nse m 
accordance with heat generated by 75 
mechanical and electrical loss generated 
while the commutator bar is in contact with 
a bru^. 

In a conventional commutator arrange- 
ment only the drcumferential surface and 80 
both ade surfaces in the dkection of the axis 
of the commutator bar are exposed to air. 
Accordingly, any internal heat generated 
within the commutation arrangement cannot 
help but radiate through the boss, except for 85 
heat generated at faces exposed to au\ 

H view of these facts, it is proposed that 
oroviding ventilating bores in paraUel with 
the axis of a rotor shaft m a boss m order to 
let the internal heat out of a commutation 90 
arrangement may bring about good coohng 
effects. 
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However, even if yeaOa-im^ bows are 
provided in parallel with the ans of a rotor 
Sto a bo^. it has been difficult to obtam 

good cooling effecte because of tte 
5 lifficulty in obtaining effective wmd 
pressure sufficient to force air through Hhe 
above ventilating bores which are long and 

This results in a raising of the temperature 
10 of a commutator bar and thereby to a 
deterioration of the commutotmg action. 

In view of the mechanical sti«ngft 
required of a commutator bar, it b 
necessaiythat the mechamcal propfrti",°^ 
15 said bar do not deteriorate even at a hi^ 
temperatiire. However, such a coDmutatot 
^ is costly to fabricate.. Moreover, 
construction of a 

mutation arrangement is comphcated by me 
20 SeofMca.wfich is inserted between^^ 
and the commutator bar and between 
adjacent commutator bars. «*t,„ 
It is. flierefore. an important object of tlie 

goodcooHng effect by fabricating it so as to 
be well ventilated. 

According to the present invenUon, 
therefore, there is provided a commutation 
30 arrangement for a DC machine which 

*^°S*dkmgate cylindrical rotor shaft. 

a boss fitted on said rotor shaft, said boss 
having a pluraUty of radi^y pr^lf ctmg 
35 support portions spaced in the longitudmal 
direction of said shaft, . 

an insulating layer fitted on each outer 
circumferential surface of said support 
portion respectively, each of said msulatmg 
40 layers being a winding of a heat hardenable 
resin impregnated insulating tape, 

a plurality of commutator bars extending 
in the longitudinal direction of said sh^, 
and spaced along tiie outer circumferential 
45 surface of each of said msulatmg layers, 
each commutator bar bemg mounted on 
said insulating layers in transverse relation 
thereto, and ^ . . 

a plurality of ventilatmg bores provided in 
50 said^oss, whereby wh^ said rotor shaft 
rotates, air is introduced from said 
ventUating bores to tiie space formed 
between adjacent commutator bars. 
The feature and advantages of &e 
cc commutation arrangements for a ix. 
^ machine according to the present mvention 
wiU become more apparent from me 
foUowing description taken in conjunction 
witii tiie accompanying drawings m which: 
AO Fig, lA is a longitudinal cross-sectional 
view which schematically illustrates a 
preferred first embodiment of a comm- 
utation arrangement for a DC machme 
according to tiie present invention; 
65 Fig- 1^ ^ ^ elevational view of a 



commutation arrangement for a DC 
machine of Fig. lA; 

Fig. 2A is a perspective view which stows 
schematicaUy an example of a b^ 
employedin a commutation arrangement for /u 

a DC machine according to the present 

Fig 2B is a longitudinal cross-sectional 
view which schematicaUy illustrates a 
construction including another boss em; n 

?loyed m a commutation arrangement for a 
)C machine according to the present 

invention; ^ , 

Fie 3 is a longitudmal cross sectional 
view which schematicaUy Ulustrates a 80 
construction including stifl another boss 
employed in a commutation arrangement 
for a DC machine according to the present 

Fig 4A is a side view which schematicaUy 85 
iUustrates another modification of a 
commutator bar employed m a com- 
mutation arrangement for a DC machme 
according to tiie present myention; 
Fig, 4B is a frrat view of a commutator 90 

^^Fte r& a^de view which schematicaUy 
Ulusttates stiU another modification of a 
commutator bar employed in^ a com- 
mutation arrangement for a DC machme 95 

according to tiie present invention; 

Fig 6A is a ade view which schematicaUy 
iUusteates connecting relation between a 
boss and a commutator bar employed ina 

commutation arrangement for a luu 
macMne according to tiie present mvention; 

Fig. 6B is a perspective view of a 
commutator bar of Fig. 6A; 

Fie. 7A is a longitudinal cross-sectional 
view which schematicaUy Ulustrates another 105 
ureferred embodunent of a commutation 
L^gement for a DC machine according to 
the present invention; 

Fm. 7B is a side view of a commutation 
arrangement for a DC machine of Fig. 7A; 110 

Fig 8 A is a longitudinal cross sectional 
view which schematicaUy Ulustrates anotiier 
modification of a wind guide plate 
employed in a commutation arrangement 
for a DC machine according to the present lib 

invention; and 

Fie. 8B is a side view of a commutation 
arrangement for a DC machine of Fig. 8A. 

As shown in Figs. lA and » 
commutation arrangement for a l/u 
machine is composed of an elongate 
cylindrical rotor shaft 10, a boss 12, which 
has a plurality of support portions 12a, 126 
and & projected radially at a suitable 
interval as indicated by d, fitted on tiie rotor 125 
shaft 10 and a pluraUty of ventilating bores 
16 which are circumferentiaUy provided m 
the support portions 12a. \2b and 12c at a 
suitable distance in paraUel with tiie axis of 
tiiebossl2.ApluraUtyofinsulatmglayersl8 i30 
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are mounted on the outer circumferential 
surfaces 14 (see Fig. IB) of the support 
portions 12a, i2b and 12c and a plurah^ of 
commutator bars 20» ^ch are made of Cu 
or Cu alloy and are rectangular m cross 
section are disposed along the outer 
circumferential surfaces 14 in parallel witn 
each other through the insulating matenal 
18. Riser portions 22 for elecmcaUy 
connecting the commutator bars 20 to a 
rotor ^ding 24 are fitted on a rotor core 
26 These portions 22 are integral with and 
bent at a suitable angle to (normaUy 
perpendicular) to the axis of the rotor shaft 
10 (m Fig. 1 A) and positioned at the extreme 
end portion 32 of the commutator bar 20, 

The insulating layers 18 mounted on the 
support portions 12a and 12^: have bent 
oorSons. as indicated by reference nimieral 
18fl which are bent radially mwardly as 
shoW in Fig. lA. A plurality of gaps, as 
indicated reference numeral 58, are fonned 
between the commutator bars 20 which axe 
disTX>sed in parallel with each other on tUe 
drcumferential face 14 of the supijorting 
portions 12a, I2b and 12c as shown m Fig. 
IB 

Re 2A illustrates an example of a boss 12 
employed in the present invention. The boss 
12 consists of a hollow cylindrical sleeve 
12d and three disc-shaped support portions 
12a 126 and 12c fitted on the sleeve 12d, 
one of which is positioned on the midway 
portion of the sleeve 12<i and the two 
remaining portions are positioned on eacn 
end of sleeve 12d, each support portion 
having a pluraUty of ventilatmg bores 
disposed equispaced curcumferentiany 
therein. . , . 

However, the construction of a boss is 
not limited to the above example as ^ovm 
in Fig. 2A. namely, it is also suitable to 
manufacture support portions by smtaWy 
machining the circumference - of an 
45 elongated hollow cylindncal member. 

Slice annular hoUow portions 30 between 

support portions i2a, lib and 12c of tiie 
boss 12 aSd the commutetor bais20 are aiB 
formed as shown in Fig. lA, the tmet 
circumferential surface of the commutator 
bars 20 as weU as end surfaces thereof are 
exposed to air. Therefore, a Mod supply ot 
air through the ventilating bores 16 are 
nrovided in the support portions of the boss 
12 will bring about a great advmce m 
cooling effect of the commutator bar 20. 
When rotor shaft 10 starts to /evolve, m 
accordance with the centrifugal force of the 
rotor shaft 10. air, as indicated by an arrow 
50 in Fig. lA, is introduced through 
ventilating bores 16 and hollow portions 30 
having contact with both sides of the 
commutator bars 20, and consequentiy heat 
generated in the commutator bars W is 
65 removed with high efficiency. 
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Fig. 2B illustrates a construction 
including anotiier modification of boss 120. 
wherein the boss 120 consists of an anmdar 
cavity 40, which is formed by cumng me 
boss inwardly substantially in parallel with 
the axis of the rotor shaft 10. A plurali^of 
supSing portions 120b, 120fc and 120c 
protect radially at suitable intervals and 
Ventilating bores 116, are ra&aUy provided 
in die upper portion I20u of the boss «> 
that amiular hoUow POJ^ons 130 beprom 
die supporting portions 120a, 120& and 120c 
l^d tl^ comiitator bar 20 may be m flmd 
communication with die wmular cav^ 40 
theretiirough. A wind grade plate 60, is 
provided in the vicinity of the open ena oi 
the annular cavity 40. 

When rotor shaft 10 starts t? «volve. m 
accordance with the centrifugal force of the 
rotor shaft 10 air, as fawMcat^ by an arrow 
52 in Fig. 2B is introduced throu^ the 
annular cavity 40. ventilattag bores 116 and 
the hoUow portions 130 and thus has contact 
witii both sides of the commutator bars 20. 
Consequentiy heat generated m the 
commutator bars 20 is efficiency removed 
Referring now to the insulating layer 18. 
this insulating layer 18 is constituted b> 
winding semi-hard dravm and tiiermosetting 
insulating tape round tiie boss support 
portions till a predetermmed thickness is 
Obtained on the drcumferential surface of 
tiie support portions 12o. 12* and 1J£, 
riving a predetermined tension to the 
Ssulating tape. This insulating tape is made 100 
of semi-hard drawn material, which can be 
contracted and solidified by any smtable 
heat treatanent; e.g. by. the step of 
impregnating expoxy resm into a tapf • 
h. order to introduce plenty of air into the 
hollow portions 30 in accordance with the 
rotation of the rotor shaft 10 as shown m 
Rb. 3, it is preferable to provide venblatmg 
bores 216 in the support portions 12a and 
12c vrtiich are positioned at the botii sides, 
of tiie boss 12 having a suitable outwardly 
slantiffi! angle to tiie central axis of tiie rotor 
diaft 10. It^rill be expected witii the above 
arrangement tiiat air as indicated by an 
arrow 54 in Fig. 3 is introduced mto the 
commutation arrangement at a hign 
efficiency in accordance with the developed 
centrifugal force. 

Figs. 4A and 4B illusti'ate another 
modSScation of a commutator bar 20, which 
is channel shaped, or inverse U shaped, m 
cross section. This is manufactured by 
means of bend processing or draw 
orocessing suitable material such as, Cu or 
Cu aUoy having a desired mechanic^ 
strengtii. The bar of Fig. 4A is composed of 
an arcaute portion forming a commutation 
surface 70, which is provided with a 
plurality of ventilating bores 72, havmg 
suitable radius of curvature /?. and a pair oi 
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S'Sf Ste Pion ^'o mwaxdly Ea^g 
TOrtion 80 has a plurality of ventteUM 
s 74. Thus the actuate portion 70 

^ &ny interconnects the upp«^ds °f 
rt^P loaced radial leg portions 80. In F^. ia, 
reference ch^cterO indicates ande 
iS'between a pab of le_g porhonsj. 

,3 l^rtitlnHcJreli™^ 

M oler eS Of the leg portions to improve 
P^olation ^^^^^^ 
^^on^T^ch if illustrated in a 

25 is formed integrally at the end of tbe 
«^SSmo£ti»ofaconnnutat^ 



30 




* tot » ■<> a« boss 12 "« to 

described as follows: 
A^urality of commutator bars 20are 

20 to the boss 12. coin™'^*^^' ^'^^ i% 
^? l^oKSTa's'Siti^e 
55 ^L^oreSuSmSediectionofthecenter 

:^E^Sr«|t^ 



insulating layer 18 c°°'°,^' support 
^"^^c^2«''l^Sid^2co?th?UT2 in 
&!?'S'«i'^3.e contraction and 70 

^^^^^te^iSbarlOisfixedto 
the boss 12 by heat treatment, because he 
dotted portions 82 are an^ged^o^f^ 
tudinally at the lower end '^f 
Sns 80 the adhesive area be^een ge 
K end 80a of tiie leg Pof on 80 the 
iTiQiilatmc layer 18 increases. Tnereiore, on 
SrSfof the redn> Uie msidatog 
teoe when cooled the fixmgstabihty of the 80 
^Wtotor bar to the boss increases. 

Sen in Figure 6B, the commutator bar 
20^chis mZfactured by bending ptete 
^rfrmaterlalsuchasCuor.CuaUo¥.h^a 

crosslectional area, of an averse U-d»pe 85 
permitting desired electnc current to flow 

For this reason the weigjit of me 
c<Xutetorbar20andthetong8reabe^g 
X^reduced without impanng com- 95 
Sitetionper&wniance. Moreover, when tiie 
^SSr bar 20> p^ed to tte bo^ ^ 
cavity 100, which is formed between me 
Ste portion 70 and p^ J|| .qq 
portions 80, allows an increase m ™e ar^ 100 
wWch is in contact with air, and thereby 
enhances the cooling effect, 
^om the foregomg description concerar 
ingSrenit embodiment of the commutator 
SlementforaDCmachmeaccordm^^^^^ 105 
Se present invendon. vanous advantages 
mav be achieved as follows: 

I Bewuse the commutator arrangement 
fo?kl^achineisprovidedwithabossl2, 
Shi^hTs pluraUt^ of support portions 110 
^^ct^raa^ally at suitable intervals fitted 

of die conmiutator bar 20 will be effectively 
Sd The weight of the boss 20^^ 
be reduced as compared to c<«ventiowu 12U 
5L£ "and therefore the moment of mertia 
can be also reduced. „ . 

6. Because the commut^ to M is 
securely embedded to the boss ,12 throu^ 
Se filiating layer 18 which is made of 125 
Ser^Stting material, it is unnecessaw to 
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JS^rSSStlS^&tSSIof ^Stilatinfbores of the supporting portions 

STc^^- ^^""^^^ ^ '^'Z'Tx and 7B illustrate a preferred 
'^^ennore, because each con^u^tor second embodiment . according to tbe 
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bar 20 is isoiatea au «u 
adjacent commutator bars 20 the surfaw 
aS of each commutator bar exposed to air 
10 S^rS^ and improvements m coobng 
effect can be easayobtemed. 

c Because tlie commutator bar 20 is a 
dttinel or inverse U-shape m cross section 
allHthe cavitv 100 is formed between 
,5 SL^totion Srface 70 having ventilating 
hrtres 72 and the pair of leg porUons 80 
Kg venSng bires 74, ^le commutator 
tor a is well ventilated toou^ ^e 
v^titoting bores 72 and 74 and cavity 00 
■jft andXrefore the ventilation efferts will be 
^ improved ^ a result of an increase m area 
which is in contact with air. 

Because the weight of the commutator 
bar 20 may be reduced as compared to me 
25 desiSd mechanical strength thereof the 
reSstance of the commutator bar 20 to 
defomationcausedby centrifu|alforce on a 

of rotor shaft 10 can be rmprmed 
d Because the commutator bar A> is 
30 manufactured by bending a metfl plate. 
^ such as Cu or Cu aUoy. the commutator bar 
20 is easy to manufacture and production 
Sste as VeU as the quantity of mtf«^ 
required for the commutator bar 20 can also 

^5 ^'Stetheriserportion22»integng 
formed with the commutatOT bar ^ 
strength thereof increases and the nimber 
of manufacturing steps can be commen- 
^ Ts/clSof^ihe reduction in we^t of 
the boss 12 and the commutator bar 20, tlie 
moment of inertia of the commutation 
Senient is reduced and consequendy, 
45 titeSfertia moment of the rotary electa^l 
machine which contain the conimutator 
bM therein can be also reduced. 11115 
toproves the ease of starting and stoppmg 
Tsuch a rotary electrical machme and 
50 consequently the electrical power r«quire- 
ments thereof can be reduced. 

t Because of the unprovement m 
ventilation and cooling of the commntator 
bar, changes in dimension thereof due to 
S5 r^s ^temperature thereof can be reduced 
5^ Vm stress*^ caused by such changes m 
pension can be easily absorbed by the 
Siting layer in wMch the leg^pof o^^, °| 
^^miulitor bar 20 are embedded md 
60 Se life of the commutation anangement 

"ItSSb'odiment of a commutation 
arrangement for a DC machine according to 
present invention is ^"If H'^ojitlme to 
65 the lirst embodiment descnbed above, but 
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second emoowmwii «vw.--.b - 
present invention and Fi^. 8A and 8B 
aiustrate another modificati<m of a wmd 
guide plate as shown in Fiw. 7A aad 7B. 
^ In /igs. 7A, 7B, 8A and 8B, tiie «unc 
reference numerals as used m Fig. 1 to Fig. b 
indicate corresponding (eqmvalent) de- 
ments of the commutation arraMement 
for a DC machine and therefore, detailed 
description of the corresponding elements 
described above will be omitted. . 

M 3k)W in Figs. 7A and 7B, wind guide 
olates 90 are provided in the vicmity of the 
t^Sig lSres 216. which slant toward 
S^Sof the rotor shaft 10 so that air is 
SsU^vm through the ventilating bcMes 
216. Fovided in the support portions 12fl 
tU l2c which are portioned ft bo& 
^ of the boss 20 and projected radially. 
Sb^t shown in Fig, 7fc, wind gmde plat« 
TO are disposed cqmangularly on ^e e^ 
surface 114. which correspond to the outer 
sides of the supporting V^rt^°fJ^,^^^Jf^ 
in a circular array so that each Piate w is 
^tioned near a corresponding ven^ating 
fore 216. When tiie rotor shaft 10 storts to 
revolve, owmg to the wmd gvude plates 90 
nreventing flow of wmd which is 
Korable to ventilation, air as indwated 
w^an arrow 54 ni Fig. 7A is drawi mto the 
^ntibting bores 216 at a high efficiem^- 

^ Ia and 8B Ulustrate another 
moJcation of a whid guide plate, whwem 
wch L shaped wind guide plate, as indicated 
by reference numerll 92, Is compc^ rfa 
flit portion 92a and bent portion 926 bent 
nonnaUv to tiie flat portion 92o, and is 
equiangularly on the ^ace 
114 in a ckcular array so that each pU^e 92 
is positioned near a correqionding 
Mutilating bore 216 When .the r^or diaft 
10 starts to revolve wind which is 
unfavorable to ventilation w preye^ted^y 
rtie inner bent surface of the wind gmde 
^ateXndtiiereby.is.tumedintode^gte 

Wind pressure, and air is forcedly drawn into 
the ventilating bores 216. . . ^ ,^ •« 
From the foregomg description, it ^ 
now be appreciated that the foUowmg 
advantoges as well as ones stated m flte fm^t 
embodiient can be achieved m ftie 
commutation arrangement a 
machine according to tiie present mvention 

""bSS wind guide plates 90 or 92 are 
disposed equiangularly on the end surfaces 
iTI. which correspond to the outer sides of 
tiie support portions 12fl and 12* «i a 
circuJ array so tiiat each p ate 90 or 92 is 
portioned near correspondmg ventilating 
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-216 when the rotor shaft 10 st^ to 

Se sdr forcedly, drawn mto the 
W2 "thfough the ventaating bores 216 by 
a^skaWe ^d pressure generated m the 

rAlre^fhS-treffectscanbe 
eaaly obtuned. 



WHAT WE CLAIM IS: — 
,0 Ta commutation arrangement for a DC 
machine which compnws 

15 support portioBS spacea m tu 

a,risiw»dalOTg«toOTtero^ layers, 

^?£ting bo^ to the spac« formed 
be?wSn fdjacent commutator bars. 
2 A commutation arrangement for a DC 

of said commutator bars is reciai^ui« 
"S\"^utation arrangement f^a DC 

^Ta commutation arrangement for a DC 

of said commutator bars. • 
6 A commutation arrangement for a DC 

*Ta commutation arrangement for a^ 
60 ma^4easdefinedincU^6,whe^ms^d 

towards the axis of said shaft. 



8 A commutation arrangement for a DC 65 

^ftcommutation arrangement for a^ 70 
m^e^efined in claim ^-^^^^^ 
commutator bar comprises a V^ ol^^ 
«^leB oortions and an arcuate po^^ 
SSSftatercomiectmgaieupp^^^f • 
caid>Daced radial leg portions of said v^, /a 
'^d arcuate portion including a com- 

"'i^Aco^i^ationarrangem^tf.^a^ 

STSt^eS- e^^ each of said leg 

^°i?Tcommutationarran«mentforaDC 
Jiaie as defined in Jum 10 

aemn^Jd.of^e^^«^re2 

13 A cohunutation arrangement for a DC 
Jctoe^ defined in ™e of dai^ Uo 

'"'S^AlSWarrangementtoaDC 
SllSSfraS; Wo^iled to to urea 



I"^°^°S!!iiKeS.lefsdd1S>orti»g 110 
^?A^^utation arrangement for a DC 

'^7^'Xcommu^onarr-gm-tfo^^^^ 

slant toward me a»s oi » disposed 
such a f anner fliat^y are V^^^^ 

commutation arrangement for a DC 



* 18°A commutation arrangement for a DC 
machine hereinbefore described and shown 
S Figs. lA and IB and Figs. 2B to 8B of the 
accompanying drawmgs. 
19. A commutation arrangement for a 
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